Introduction
============

Three types of rapid-acting insulin analogs (Ra), insulin aspart (ASP), insulin lispro (LIS) and insulin glulisine (GLU), have a rapid onset of action within 30--60 min, and a peak action within 2 h to allow for appropriate control of postprandial glycemia[@b1]. In contrast, several studies have shown that GLU exhibits a faster onset of action, a shorter duration of action, and a similar or greater metabolic effect than ASP and LIS in adult patients with type 2 diabetes[@b2],[@b3], and those with type 1 diabetes[@b4],[@b5]. However, studies examining the efficacy and safety of GLU in pediatric patients with type 1 diabetes are quite limited[@b6],[@b7]. We, therefore, studied the clinical usefulness of switching to GLU from other Ra in Japanese children with type 1 diabetes.

Methods
=======

The study consisted of 26 Japanese children with type 1 diabetes, 11 boys and 15 girls, aged 12.5 ± 5.5 years at the time of the study. None of the patients were identified as being obese with percent overweight exceeding 20%[@b8], and none had either vascular complications or metabolic-syndrome factors. They were treated with basal--bolus insulin therapy, with 18 patients using multiple daily injections of insulin (MDI) and eight patients using continuous subcutaneous insulin infusion (CSII). They previously used either ASP or LIS as bolus insulin for MDI or as a CSII preparation. Insulin glargine was used as basal insulin for MDI with a once- or twice-daily injection. Their mean values of fasting plasma glucose (FPG) and glycated hemoglobin (HbA1c; National Glycohemoglobin Standardization Program value)[@b9] were 117.7 ± 30.2 mg/dL and 7.63 ± 0.96%, respectively. The mean dose of total insulin was 0.84 ± 0.19 units/kg/day. Patients were instructed to adjust basal insulin doses to attain self-monitored PG levels before breakfast between 90 and 140 mg/dL[@b10], and to determine bolus insulin doses according to carbohydrate counting for both MDI and CSII.

ASP or LIS was switched to GLU for preparation of MDI or CSII with informed consent from both the patients and their parents before starting the study. Insulin glargine was continuously given as basal insulin for MDI as previously prescribed.

We evaluated changes in mean self-monitored values of PG just before, and 1--1.5 h after breakfast and supper for the 1-month period at baseline, and at 6 months after using GLU. We also evaluated changes in HbA1c, frequency of hypoglycemia for the 1-month period, daily insulin requirement, and percent overweight for at baseline and at 6 months after using GLU.

Mild hypoglycemia was defined as having clinical symptoms of hypoglycemia with or without self-monitored PG levels of 40--70 mg/dL. Severe hypoglycemia was defined as PG levels below 40 mg/dL with impaired consciousness or seizure necessitating assistance from other persons.

HbA1c levels were determined by high performance liquid chromatography, and expressed as National Glycohemoglobin Standardization Program values (normal: 4.6--6.1%).

The results were expressed as mean values ± standard deviation. Paired Student\'s *t*-test was used to detect the statistical significance of differences, and *P *\< 0.05 was considered as a statistically significant difference.

Results
=======

Changes in Mean Values of PG and HbA1c at Baseline, and at 6 Months After Using GLU in all Patients
---------------------------------------------------------------------------------------------------

There were no significant differences in the mean values of PG before breakfast and supper after using GLU (Table[1](#tbl1){ref-type="table"}). In contrast, those after breakfast and supper significantly improved from 183.4 ± 50.1 to 153.0 ± 32.2 mg/dL (*P *= 0.0035) and from 203.1 ± 29.3 to 163.8 ± 22.9 mg/dL (*P *\< 0.0001), respectively. HbA1c significantly decreased from 7.63 ± 0.96 to 7.36 ± 0.93% after using GLU (*P *= 0.0034).

###### 

Changes in mean values of plasma glucose and glycated hemoglobin at baseline and at 6 months after using insulin glulisine in all patients

                                At baseline    After using GLU   *P*-value
  ----------------------------- -------------- ----------------- -----------
  PG before breakfast (mg/dL)   117.7 ± 30.2   116.6 ± 26.5      0.7104
  PG after breakfast (mg/dL)    183.4 ± 50.1   153.0 ± 32.2      0.0035
  PG before supper (mg/dL)      126.3 ± 33.0   122.8 ± 27.1      0.4175
  PG after supper (mg/dL)       203.1 ± 29.3   163.8 ± 22.9      \<0.0001
  HbA1c (%)                     7.63 ± 0.96    7.36 ± 0.93       0.0034

*n* = 26. HbA1c, glycated hemoglobin; GLU, insulin glulisine; PG, plasma glucose.

We also evaluated changes of these glycemic indicators in patients treated with MDI and CSII, separately. In patients treated with MDI, we identified no significant differences in the mean values of preprandial PG after using GLU, while those in postprandial PG significantly decreased from 170.3 ± 50.0 to 149.6 ± 34.5 mg/dL for breakfast (*P *= 0.0427) and from 197.3 ± 31.6 to 160.2 ± 24.0 mg/dL for supper (*P *\< 0.0001). HbA1c decreased from 7.61 ± 0.96 to 7.37 ± 0.92% after using GLU, but the difference did not reach statistical significance. In patients using CSII, we also found no significant differences in the mean values of preprandial PG after using GLU, while those in postprandial PG also significantly decreased from 205.7 ± 45.0 to 158.9 ± 29.5 mg/dL for breakfast (*P *= 0.0434) and from 214.8 ± 21.1 to 168.3 ± 19.9 mg/dL for supper (*P *= 0.0002). HbA1c decreased from 7.70 ± 1.03 to 7.33 ±1.04% after using GLU, but the difference did not reach statistical significance.

Change in Frequency of Hypoglycemia, Mean Insulin Dose and Percent Overweight at Baseline and at 6 Months After Using GLU in all Patients
-----------------------------------------------------------------------------------------------------------------------------------------

The frequency of mild hypoglycemia was significantly reduced from 7 ± 6 to 4 ± 4 times/month after using GLU (*P *= 0.0004; Table[2](#tbl2){ref-type="table"}). No patients experienced severe hypoglycemia during the study period. There were no significant changes in total insulin dose, basal insulin dose and or obesity degree as assessed by percent overweight.

###### 

Changes in frequency of hypoglycemia, mean insulin dose and percent overweight at baseline and at 6 months after using insulin glulisine in all patients

                                           At baseline   After using GLU   *P*-value
  ---------------------------------------- ------------- ----------------- -----------
  Frequency of hypoglycemia (time/month)   7 ± 6         4 ± 4             0.0004
  Total insulin dose (unit/kg/day)         0.84 ± 0.19   0.82 ± 0.16       0.3336
  Basal insulin dose (unit/kg/day)         0.36 ± 0.18   0.35 ± 0.19       0.4812
  Percent overweight (%)                   6.86 ± 8.05   6.98 ± 7.61       0.7039

*n* = 26. GLU, insulin glulisine.

We also evaluated changes in these indicators in patients treated with MDI and CSII, separately. In patients treated with MDI, the frequency of mild hypoglycemia was significantly reduced from 5 ± 5 to 3 ± 3 times/month after using GLU (*P *= 0.0127). In patients using CSII, that was high at 10 ± 7 times/month before using CSII, but showed a clear decrease to 7 ± 6 times/month after using GLU (*P *= 0.0108). No patients experienced severe hypoglycemia during the study period, and there were no significant changes in the insulin doses given or in percent overweight in both MDI and CSII.

Discussion
==========

The International Diabetes Federation (IDF) has advocated that postprandial PG be measured 1--2 h after meals and that patients with diabetes maintain 1 to 2-h postprandial PG levels below 160 mg/dL without occurrence of hypoglycemia[@b11]. Taki .[@b12] showed that the mean peak times of postprandial PG in Japanese patients with type 1 diabetes were 100 min after breakfast, 65 min after lunch and 78 min after supper, based on a continuous glucose monitoring system. This result shows the importance of using Ra as bolus insulin, which suppresses the 1 to 2-h postprandial PG rise in patients with type 1 diabetes. In contrast, avoiding severe hypoglycemia in patients is also essential, particularly children and adolescents treated with insulin. Hypoglycemia potentially damages the central nervous system, and prevents patients from achieving target PG levels[@b13].

GLU is reported to have a faster onset of action and a shorter duration of action than ASP or LIS in patients with diabetes[@b2]--[@b5]. Becker .[@b14] indicated that GLU shows time to maximum insulin concentration at 57 min for patients with type 1 diabetes. This maximum insulin concentration time nearly corresponds to the peak time of postprandial glycemia[@b11],[@b12]. Therefore, GLU as bolus insulin seems to be superior for controlling postprandial glycemia in patients with type 1 diabetes.

Several studies showed equivalent glycemic control and frequency of hypoglycemia between these Ra in patients with type 1 diabetes treated with either MDI[@b5],[@b6],[@b15],[@b16] or CSII[@b17],[@b18]. Nevertheless, we found GLU to be superior to other Ra for children with type 1 diabetes; that is, switching to GLU from ASP or LIS significantly decreased postprandial hyperglycemia to less than 160 mg/dL, which is recommended by the Guidelines of International Diabetes Federation 2011[@b11], and significantly reduced HbA1c levels to \<7.5%, which is the target level in the Consensus Guidelines of International Society for Pediatric and Adolescent Diabetes 2009[@b10]. Furthermore, the frequency of hypoglycemia was significantly reduced, possibly because GLU synchronized postprandial glycemia without later glucose-lowering effects, which caused hypoglycemia between or before meals[@b1],[@b15],[@b16]. Such effectiveness was equally observed in patients treated with both MDI and CSII.

Superiority in improvement of glycemic control and reduction of frequency hypoglycemia in our patients after using GLU as compared with previous Caucasian studies[@b6],[@b15]--[@b18] has some possible explanations. First, Japanese meals are known to traditionally have a higher carbohydrate energy ratio and a lower fat energy ratio than meals in Western countries. GLU has a faster onset of action than ASP and LIS, and could synchronize postprandial glycemia more with the consumption of carbohydrate-rich meals. Second, it has been reported that Japanese people showed slightly faster absorption and higher exposure with either Ra as compared with Caucasians, which might be explained by the leanness of Japanese people in general[@b12]. Third, children might be different from adults in regard to absorption and pharmacokinetics of insulin injected subcutaneously, which can potentially result in higher concentrations of insulin in children^19^. These factors could contribute a greater effect on lowering the PG rise and frequency of hypoglycemia with GLU in Japanese children as compared with Caucasians.

A limitation of the present study was the small number of children to evaluate the effect of GLU, therefore, it is necessary to confirm the present results in a large number of children with type 1 diabetes. Seasonal variations in HbA1c could influence the results.

In conclusion, using GLU rather than ASP or LIS with MDI and CSII might be a good treatment option for achieving optimal glycemic control without increasing the frequency of hypoglycemia in children with type 1 diabetes.
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